Overstory (pinon pine) and understory (grass and forb) vegetation were collected within and around selected points at Area G--a low-level radioactive solid-waste disposal facility at Los Alamos National L a b o r a t o r H o r the analysis of tritium ('H), strontium (gOSr), plutonium (238Pu and 239Pu), cesium (13'Cs), and total uranium.
INTRODUCTION Solid radioactive wastes have been buried by Los Alamos National Laboratory (LANL) since the early 1940s (Purtymun et al. 1980) . Area G--a 25.5-hectare (63-acre), low-level radioactive management and disposal area located on the east end of Mesa del Buey at TA-54-was established in are the main isotopes in waste materials deposited at Area G (U.S. DOE 1979) . As part of the Environmental Surveillance Program at LANL, air (Environmental Protection Group 1995), sediment and soil (Conrad et al. 1995 , Fresquez et al. 1995a , vegetation (Fresquez et al. 1995b ), biota (Biggs et al. 1995) , and bees and honey (Fresquez et al. 1994 ) are collected from within and around radioactive disposal site Area G on an annual basis to help monitor and assess the site's impact on the surrounding community.
One important component of this program is the assessment of vegetation growing within and around Area G for radiological contamination; the uptake of isotopes by vegetation, for example, may give some insight into surface (Hanson et al. 1980 ) and subsurface (Wenzel et al. 1987 ) contaminant pathways to humans from waste disposal areas. Trees, in particular, have been shown to be excellent indicators of subterranean tritium migration out of low-level radioactive-waste disposal sites (Rickard and Kirby 1987) .
The objective of this study was to determine the concentrations of selected radionuclides in/on overstory and understory vegetation within (inside the fence) and around (outside the fence) Area G during the 1995 growing season. These data were compared with radionuclide concentrations in/on vegetation collected from a regional background location upwind of the Laboratory. Also, analyses of heavy metals in vegetation were conducted.
II. METHODS
In August of 1995, the Soils and Foodstuffs Environmental Surveillance Program Team of Ecology Group ESH-20 collected approximately 12 vegetation samples from six areas within and around Area G at TA-54. The six sampling areas were located at (1) south of the tritium shafts just outside the fence, (2) west of the tritium shafts just outside the fence, (3) east side of the new waste pit inside the fence, (4) north of the transuranic (TRU) pads just outside the fence, (5) west side of the TRU pad, and (6) east side of the TRU pad ( Figure 2 ). Background samples were also collected approximately four miles southeast and upwind of the Laboratory. All survey coordinates associated with these sampling sites are listed in Table 1 .
At each site, samples were collected from either overstory (pinon pine) or understory (grasses and forbs) vegetation or both. Pinon pine (Pinus edulis) are the most typical overstory tree in the Area G vicinity (Tierney and Foxx 1982) . Collectors of samples wore plastic gloves and used clean shears. Samples, consisting of 2 to 3 lb of composited material, were double bagged in labeled Ziploc plastic bags and tcansported to the Laboratory in locked ice chests. At the Laboratory, unwashed samples from each bag were divided into three subsets to provide analysis material for tritium, heavy metals, and other radionuclides PSr, p8Pu, "vu, Cs, and total uranium). Vegetation samples collected at Area G were not washed in order to assess the total amount of radionuclides, be it from root uptake and/or from plant surface (wind-borne and splash) deposition, on the plant to herbivore pathway that would be attributable to Area G operations (re-suspension of soil [contaminated] particles onto plant surfaces by traffk is but one of these activities).
Subsamples for 3H analysis were placed in a glass beaker apparatus to collect distillate water (Salilazar 1984) . Vegetation subsamples for heavy metals were dried at 7OoC for 48 h before being ground in a Wiley mill (40-mm screen) (Fresquez et al. 1990) . The rest of the subsample set(s) were placed in 1-L glass beakers and ashed at 5OOOC for 120 ... h; after ashing, the sample was pulverized and homogenized, transferred to labeled 500-mL poly bottles, and submitted with the distillate (water) samples under full chain-of-custody to the Environmental Chemistry Group (CST-9) for the analysis of 'H, Sr, =*PU, ugPu, I3'Cs, and total uranium. All methods of radiochemical analyses have been described previously (Salazar 1984) .
Radionuclide results were reported in pCi mL-' (of tissue moisture) for tritium, yg for uranium, and pCi g-' of ash for all the other isotopes. Results in grams of ash are usually two to four orders of magnitude higher than live (wet) weight.
For heavy metal analysis, the vegetation was first digested with nitric or a combination of nitric and hydrochloric acid. The heavy metal content in the vegetation was determined by inductively coupled plasma atomic emission spectrometry (ICPES) for Ag, Ba, Be, Cd, Cr, Ni, and Pb; by inductively coupled plasma mass spectrometry (ICPMS) for Sb and T1; by electrothermal vaporation atomic absorption (ETVAA) for As and Se; and by cold vapor atomic absorption (CVAA) for Hg. Heavy metal results in vegetation were reported in yg dry g-I.
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III. RESULTS AND DISCUSSION
Radionuclides. Table 1) .
The highest 3H concentrations were detected in understory vegetation collected from the western side of the TRU pads (#5) (7, 300 pCi a ' ) . (i.e., overstory vegetation collected near the 3H shafts in 1994 contained higher H concentrations than understory vegetation) ( Table 2 ). The differences in ' H concentrations in understory verses overstory vegetation observed in 1994 and 1995 was probably related to several factors, namely: (1) rooting pattern differences between understory and overstory vegetation, (2) amount of precipitation, and (3) temperature in the area prior to sample collection. In 1994 and 1995, for example, the total amount of precipitation received in the Area G area just days ,prior to sampling was approximately 3 cm (1.2 in) and 0.25 cm (0.1 in), respectively. Also, the mean maximum weekly daylight temperature prior to sampling in 1994 and 1995 was 26°C (79°F) and 33°C (91"F), respectively. The higher amounts of rainfall and lower temperatures in 1994 as compared to 1995 may have moved peak concentrations of 3H, which is very closely associated with the hydrologic cycle and temperature (Wicker and Schultz 1982) , from near soil-surface depths (0 to 15 cm), where the optimum water-to-root uptake for understory vegetation occurs, to soil-subsurface depths (5 to 30 cm), where the optimum water-to-root uptake for overs tory vegetation occurs (Breshears 1993). Conversely, with little precipitation and markedly hotter temperatures in 1995 as 3 compared to 1994, 3H, due to vapor phase transport from soil-subsurface depths to near soil-surface depths (Conrad et al. 1995) , may be more available for plant uptake by the more shallower rooted understory plants than by the deeper-rooted overstory plants.
Concentrations of "Sr ranged from 1.4 to 7.2 pCi g-' ash Won vegetation collected from within and around Area G and were mostly within upper limit background concentrations.
Total uranium concentrations idon vegetation collected from Area G ranged from 0.47 to 2.46 pg g-' ash and were generally lower in concentrations than in past years. The highest uranium concentration was detected in/on pinon trees growing near the new waste pit (#3) and may be more a result of the higher (observed) dust levels on plant surfaces in the area than from a true contamination source. In any case, uranium levels in/on vegetation within and around Area. G were just above upper limit background concentrations and closely matched uranium values in/on vegetation collected within and around Area G in 1983 (0.09 to 1.00 pg g ' ash) (Mayfield and Hanson 1983) . Most
='Pu
and =gPu concentrations in/on vegetation collected from within Area G were detectable and higher than upper limit background concentrations. Both =' Pu and ='Pu were highest idon understory vegetation Heavy Metals.
With the exception of a few slightly elevated heavy metal elements in/on vegetation at few sites as compared to background, most heavy metals Won overstory and understory vegetation collected within and around Area G were within normal background concentrations (Table 3) . Barium was detected in slightly higher concentrations in vegetation collected at almost all of the sites at Area G than upper limit background concentrations. The reasons for the slightly higher values of Ba in/on vegetation at Area G as compared to background are not completely known, as Ba in soils within (Conrad et al. 1995) and around (Longmire et al. 1994 , Fresquez et al. 1996 ) Area G were within normal background concentrations. Only one site, understory vegetation collected at the south end of tfie 'H shaft field (#l), exhibited any kind of a trend; that is, 'more than one heavy metal element, namely Ba, Be, Cd, Cr, and Ni, were detected at above background concentrations.
IV. ACKNOWLEDGMENT
Thanks to Greg Stone, Air
Quality , and to Mary Salisbury, Ecology Group (ESH-20) for providing TA-54 temperature and precipitation, and survey coordinate data, respectively. Also, thanks to Paul Torrez, a high school coop student, with help in tabulating the data. This manuscript was reviewed by Ron Conrad (ESH-19) and edited by Hector Hinojosa (CIC-l>-Thanks. -Only qualitative data requested L Only Open (non-blind) QC samples run with this sanple batch.
V. REFERENCES
U.S. DOE, "Final Environmental Impact
-No QC samples run with this sample batch.
- -Only qualitative data requested
--
Only Open (non-blind) QC samples run with this sample batch. 
3200
. 4300. 3700. -100.
7300.
2700.
100.
0.0
ANALYTICAL UNCERTAIWTY
20
-100.
-100. 25.
ANALYTICAL UNCERTAINTY UNITS
-.--.._-_s_b--.
---. . . -UHCERTAIHTY. UHITS
1.
3. 0.6 0 . 5 0.6 1.
3.
3.
0.8 3. 
47.
I ----L-r-0.09 0.68 < 0. 5 5.9 < 4. < 1.
43.
< 0.08 < 0.4 0.6 1. < 4. < 1.
11.
< 0.08 < 0.4 < 0.5 < 1. < 4. < 1. 11. < 0.08 < 0.4 < 0.5 < 1. < 4.
--. 
